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(54) Process for treating exhaust gas and exhaust gas treating equipment 

(57) Disclosed is a process for treating exhaust gas 
which is reduced in costs of facilities and operation. The 
process for treating exhaust gas comprises adding a 
mercury chlorinating agent such as HCI or the like and 
ammonia to combustion exhaust gas containing NO x . 
SO x . and mercury to carry out reduction denization in 
the presence of a solid catalyst; and wet-desuffurizing 
the denitrated exhaust gas using an alkaline absorbing 
solution. 
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Description 

Background of the Invention 
Field of the Invention 

The present invention relates to a process for treating exhaust gas containing dust, NO x . and SO x (hereinafter sim- 
ply called "exhaust gas") such as coal burned exhaust gas, heavy oil burned exhaust gas, and the like. 

Summary of the Invention 

At present, there are no methods for treating metal mercury or mercury compounds (hereinafter generically called 
"mercury" unless otherwise noted) in exhaust gas and for performing denization and desulfurization at the same time 
in the method for removing S0 2 in a wet desulfurizing unit using an alkaline absorbing solution as an absorbent after 
removing NO x from the exhaust gas in a reduction denitrating unit. 

There are known methods for removing mercury with a high concentration from exhaust gas using an adsorbent 
such as activated carbon or a selenium filter. These methods however require a special adsorption-removing unit and 
hence are not adaptable to treatment of vast exhaust gas such as flue gas. 

There are also the methods in which exhaust gas and an absorbing solution are subjected to gas-liquid contact to 
remove mercury using a scrubber without alteration of a conventional exhaust gas treating system. In these methods 
however, there is the problem that metal mercury which is less soluble in water cannot be almost removed though mer- 
cury compounds, e.g. HgCfe which have relatively large solubility in water can be removed. 

An instance of conventional methods for treating exhaust gas is now explained with reference to Figure 3. Combus- 
tion exhaust gas from a boiler 1 is introduced into a reduction denitrating unit 5. An ammonia injecting unit 2 for injecting 
irtothe exhaust gas, NH 3 supplied from an ammonia lank 3 is installed in the passage to the reduction denitrating unit 
5. The exhaust gas into which NH 3 is injected is denrtrated in the reduction denitrating unit 5 in which NO x is converted 
into nitrogen by a selective reducing reaction shown by the following chemical formula: 

4NO + 4NH3 + 0 2 4N 2 + 6H 2 0 

NO + N0 2 + 2NH 3 -» 2N 2 + 3H 2 0 

The denrtrated exhaust gas is allowed to flow through an air preheater 6 and a heat exchanger 7 to reach an electric 
precipitator 8 where dust is removed. Then S0 2 in the exhaust gas is removed in a wet desulfurizing unit 9. In the case 
where mercury is contained as HgCI or HgCI 2 , HgCI or HgCI 2 contained in the exhaust gas is dissolved in water through 
gas-liquid contact in the wet desulfurizing unit 9 whereby mercury is removed. However, in the case where mercury is 
contained as metal mercury which can be scarcely dissolved in water, mercury is removed at a lower removal rate and 
is almost vented from a stack 1 1 through a heat exchanger 10. 

In order to remove metal mercury, it is required to install newly a mercury adsorption-type removing unit, e.g an 
activated carbon filter, between the wet desulfurizing unit 9 and the heat exchanger 10 or between the heat exchanger 
10 and the stuck 11. 

In the above method for treating mercury using the mercury adsorption-type removing unit, there is the problem of 
high facilities and operation costs in continuous treatment for vast exhaust gas having a lower mercury concentration 
While, with .ntensif led regulation of environmental pollutant emission, there is strong needs for developing inexpensive 
treating technologies for removing heavy metals such as mercury and the like. 

It is an object of the present invention to provide a treating technology which is reduced in costs of facilities and 
operation. 

The present inventors have studied various processes for removing mercury and as a result found that mercury can 
be fficiently removed in a wet desulfurizing unit by converting metal mercury into a water-soluble compound, to com- 
plete the present invention. 

Accordingly, the above object can be attained by a provision of a process for treating exhaust gas comprising add- 
inQ f ™ er ^ y ch,or,natin 9 a9ent such as ammonium chloride or HCI and ammonia to combustion exhaust gas contain- 
ing NO x . SO x . and mercury to carry out reduction denization in the presence of a solid catalyst; and wet-desurfurizing 
the denrtrated exhaust gas using an alkaline absorbing solution. 

In preferred embodiments of the present invention, the mercury chlorinating agent is ammonium chloride or HCT 
and the solid catalyst includes a carrier composed of at least one compound selected from the group consisting of TiOo' 
Si0 2 . and 2r0 2 and/or zeolite and at least one element selected from the group consisting of Pt Ru Rh Pd Ir V W 
Mo. Ni, Co. Fe, Cr, Cu, and Mn is carried by said carrier. " ...... 
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Also, the object of the present invention can be attained by the provision of a combustion exhaust gas treating 
equipment comprising a reduction denrtrating unit a wet desutfurizing unit a mercury chlorinating agent injecting unit, 
and an ammonia injecting unit wherein a mercury chlorinating agent from said mercury chlorinating agent injecting unit 
and ammonia from said ammonia injecting unit are added to combustion exhaust gas containing NO x , SO x , and mer- 

5 cury to carry out reduction denrtration in the presence of a solid catalyst; and the dertitrated exhaust gas is wet-desul- 
furized using an alkaline absorbing solution. 

In the present invention, it is possible to remove mercury in exhaust gas in a highly efficient manner using inexpen- 
sive chemicals such as HQ without a large change in a conventional system but with a simple reform, e.g. a HQ inject- 
ing unit attached. The present invention is therefore very advantageous in view of operating costs including plant costs. 

io costs of chemicals, and maintenance costs. 

Brief Description of the Drawings 

Figure 1 is a view showing an embocfiment of a structure of an exhaust gas treating equipment corresponding to 
is the present invention; 

Figure 2 is a view showing the relation (experimental result) between the rate of removal of mercury and the con- 
centration of HQ added to exhaust gas; and 

Figure 3 is a view showing an embodiment of a structure of a conventional exhaust gas treating equipment 

20 Detailed Description of the Preferred Embodiment 

The present inventors have found that in the case where mercury is contained as HgQ or HgQ 2 , the mercury can 
be completely removed through gas-liquid contact in the wet desutfurizing unit, but mercury cannot be almost removed 
in the case where mercury is contained as metal mercury which can be scarcely dissolved in water. 
25 The present inventors have found that metal mercury in exhaust gas can be converted into HgCI 2 on a denrtrating 
catalyst in the presence of HQ according to the following chemical formula (3): 

Hg + HQ + (1/2)02 -> HgCfe + H 2 0 (3) 

30 Accordingly, metal mercury can be oxidized to HgQ 2 in the reduction denitrating unit by adding HQ or the like to 
mercury. 

On the other hand, when coal or heavy oil(f uel oil) is used as the fuel, the combustion gas contains Q components 
since these fuels include CI. The content of the Q components in the fuel varies depending on the type of fuel and 
hence the concentration of the Q components is difficult to control. Therefore, it is desirable that HQ or the like be 
35 added to the exhaust gas in the upper stream side of the reduction denitrating unit in an amount more than required to 
remove mercury perfectly. 

Specifically, the present invention relates to a method and equipment in which metal mercury is converted into a 
largely water-soluble chloride on a denitrating catalyst by adding a mercury chlorinating agent such as HQ or the like 
to the exhaust gas containing the mercury in the upper stream side of the reduction denitrating reaction unit and mer- 
40 cury is efficiently removed in the wet desutfurizing unit installed in the lower stream side of the reduction denitrating unit. 

Exhaust gas subjected to the treatment in the present invention includes exhaust gas from boilers of thermal power 
plants, factories, and the like and exhaust gas from furnaces of metal factories, petroleum refineries, petrochemical fac- 
tories, and the like, which are produced from the combustion of fuels such as coal, heavy oil. or the like which contains 
sulfur, mercury, and the like. Such an exhaust gas is massive and contains a tow concentration of No* and a certain 
45 amount of carbon dioxide, oxygen, So* dust, and water. 

In the reduction denitrating process of the present invention, No* in exhaust gas is reduced to nitrogen using 
ammonia as a reducing agent in the presence of a solid catalyst 

Ammonia is injected according to a conventional process. 

Examples of the solid catalyst used for the reduction denrtration in the present invention include materials in which 
so an oxide or sulfate of a metal such as V. W. Mo. Ni. Co. Fe, Cr. Mn, Cu, or the like or a precious metal such as Pt Ru, 
Rh, Pd, Ir, or the like or a mixture of these is carried on a carrier such as titania, silica, zirconia, or a complex oxide of 
these, and/or zeolite. 

The mercury chlorinating agent used in the present invention is a type which reacts with mercury in exhaust gas in 
the presence of the above catalyst to produce HgCfe and/or HgQ. Examples of the mercury chlorinating agent include 
55 HQ, ammonium chloride, chlorine, hypochlorous acid, ammonium hypochlorite, chlorous acid, ammonium chlorite, 
chloric acid, ammonium chlorate, perchloric acid, ammonium perchlorate, as well as amine salts or other salts of the 
above acids. 

The amount of the mercury chlorinating agent added to exhaust gas may be a stoichiometric amount or slightly 
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more for the amount of mercury such as metal mercury which can be dissolved in water with difficulty. In the case where 
coal or heavy oil is used as the fuel, the concentration of the mercury chlorinating agent is 1000 ppm or less and actu- 
ally around 1 0 to 1 00 ppm for the amount of the exhaust gas. 

A chemical agent for HCI used in the present invention may be either hydrogen chloride or hydrochloric acid. Exam- 
ples of hydrochloric acid include concentrated hydrochloric acid to 5% dilute hydrochloric acid though there are no lim- 
itations to its concentration. 

As an apparatus for adding HCI to the exhaust gas, a conventional fixed delivery purrp for liquid chemicals may be 
used. 

When adding salts such as ammonium chloride or the like, it is desirable to use an aqueous solution of the salt. 

The mercury chlorinating agent may be added either before or after the addition of ammonia to the exhaust gas. 

As the wet desulfurizing unit, a conventional unit may be used. Examples of the absorbing solution include aqueous 
solutions of absorbents (called "alkaline absorbing solution") such as calcium carbonate, calcium oxide, calcium 
hydroxide, sodium carbonate, sodium hydroxide, or the like. 

The present invention is now explained with reference to the drawings. Figure 1 is a view showing an embodiment 
of a structure of the exhaust gas treating unit of the present invention. In Figure 1. an ammonia injecting unit 2 for inject- 
ing NH 3 supplied from an ammonia tank 3 into exhaust gas and HCI injecting unit 4 are installed in the passage 
between a boiler 1 and a reduction denitrating unit 5. Exhaust gas from the boiler 1 is introduced into the reduction den- 
itrating unit 5. NOx in the exhaust gas into which NH 3 and Ha are injected reacts with NH 3 and metal Hg is oxidized to 
HgCJ 2 in the presence of HCI in the reduction denitrating unit 5 at the same time. The exhaust gas flows through an air 
preheater 6 and a heat exchanger 7 to reach an electric precipitator 8 where dust is removed and then S0 2 and HgCI 2 
in the exhaust gas are removed at the same time in a wet desulfurizing unit 9. 

An excess amount of HCI which is contained in the exhaust gas discharged from the reduction denitrating unit is 
absorbed by an aqueous alkali solution such as a limemilk or the like in the wet desulfurizing unit so that it is not dis- 
charged from a stack 

The present invention relates to a method for treating exhaust gas comprising steps of removing No* from exhaust 
gas in a reduction denitrating unit and S0 2 from the exhaust gas in a wet desulfurizing unit using an alkaline absorbing 
solution as the absorbent, characterized in that a mercury chlorinating agent is added to the exhaust gas in the upper 
stream side of the reduction denitrating unit. In this method of the present invention, NH 3 is only required for derttration. 
Even if NH 3 is not added to the exhaust gas in the upper side of the reduction denitrating unit, there is no change in the 
effects of the present invention in which mercury is converted into a chloride by a mercury chlorinating agent in the pres- 
ence of a catalyst in the reduction denitrating unit and mercury is removed in the wet desulfurizing unit. 

Examples 

The present invention will be explained in more detail by way of examples, which are not intended to be limiting of 
the present invention. 

(Example 1) 

Exhaust gas was treated using a pilot plant having a structure shown in Figure 1 according to the conditions illus- 
trated below. 

Exhaust gas 

Type: combustion exhaust gas of dust coal 
Row rate: 200 Nm 3 /hr (dry base) 
Concentration of dust: 20 g/Nm 3 
Concentration of S0 2 : 800 ppm (dry base) 
Concentration of No*: 250 ppm (dry base) 
Concentration of mercury: 10 ppb (dry base) 
Concentration of oxygen : 5% by volume 

Reduction denitrating condition 

Mo! ratio of NHs/No*: 0.9 
HCI/exhaust gas: 50 ppm 

Catalyst: titania of a type having a honeycomb structure and carrying 0.6% by weight of Vo0 5 and 8% by weight of 

wo 3 
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Conditions of wet desulfurization 

Absoibing solution: an aqueous 1% suspension of calcium carbonate powder, 90% of which passes through a 325 
mesh f itter 

5 

Ratio of absorbing solution/exhaust gas: 17.5 Irttie/Nm 3 

97% of metal mercury was removed as a result of this treatment 

io (Comparative Example 1) 

The same procedures as in Example 1 were conducted except that Ha was not added to exhaust gas, resulting in 
that 60% of metal mercury was removed. 

It is clear from the above result that removal of metal mercury is greatly improved by adding HCI to exhaust gas in 
is the upper stream side of the reduction denrtrating unit. 

(Example 2) 

Exhaust gas treatments were performed according to Example 1 using various concentrations of HCI to measure 
so the relation between the rate of removal of metal mercury and the concentration of HCI. The results are shown in Figure 
2. 

It is confirmed from Figure 2 that the rate of removal of metal mercury can be kept high by adjusting the concentra- 
tion of HCI to 50 ppm or more. 

Excess HCI in exhaust gas was completely removed in the wet desurfurizing unit and hence it was never dis- 
25 charged from the stuck. 

(Example 3) 

The same procedures as in Example 1 were performed except that calcium oxide, calcium hydroxide, sodium car- 
30 bonate, or socf urn hydroxide was used as the absorbent used in the wet desurfurizing unit 

In any case of using these absorbents, mercury could be removed in the same manner as in the case of using cal- 
cium carbonate. 

It is clear from the above result that the rate of removal of mercury does not depend on the type of absorbent used 
in the wet desulfurizing unit. 

35 

(Example 4) 

The same procedures as in Example 1 were performed except that the same amount of ammonium chloride having 
the same concentration was added in place of HCI, resulting in that metal mercury could be removed at almost the 
40 same rate as in Example 1 . 

Many other variations and modifications of the invention will be apparent to those skilled in the art without departing 
from the spirit and scope of the invention. The above-described embodiments are, therefore, intended to be merely 
exemplary, and all such variations and modifications are intended to be included within the scope of the invention as 
defined in the appended claims. 
45 The disclosure of Japanese Patent Application No.9-50975 filed on February 19, 1997 including specification, 
claims, drawings and summary are incorporated herein by reference in its entirety. 

Claims 

so 1 . A process for treating combustion exhaust gas comprising: 

adding a mercury chlorinating agent and ammonia to combustion exhaust gas containing NO x , SO x . and mer- 
cury to carry out reduction denization in the presence of a solid catalyst: and 
wetdesulfurizing thedenitrated exhaust gas using an alkaline absorbing solution. 

55 

2. A process for treating combustion exhaust gas according to Claim 1 , wherein said mercury chlorinating agent is a 
compound selected from the group consisting of ammonium chloride and HCI. 
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A process for treating corrtxistion exhaust gas according to Claim 1 or Claim 2, wherein said solid catalyst includes 
a carrier composed of at least one compound selected from the group consisting of Ti0 2 , Si0 2 . and 2r0 2 and/or 
zeolite and at least one element selected from the group consisting of Pt, Ru. Rh. Pd, lr, V, W, Mo, Ni, Co, Fe. Cr, 
Cu, and Mn is carried by said carrier. 

A combustion exhaust gas treating equipment comprising a reduction denitrating unit, a wet desulfurizing unit, a 
mercury chlorinating agent injecting unit and an ammonia injecting unit; wherein a mercury chlorinating agent from 
said mercury chlorinating agent injecting unit and ammonia from said ammonia injecting unit are added to combus- 
tion exhaust gas containing NO x , SO x , and mercury to carry out reduction denitration in the presence of a solid cat- 
alyst; and 

the denitrated exhaust gas is wet-desulfurized using an alkaline absorbing solution. 
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